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INTRODUCTION
IgM is the first antibody class to be expressed during B Received for publication 20 April 1983 and in revised form 11 July 1983. (1). Initially, the At heavy chain isotype can be detected without light chains in pre-B cells (2, 3) ; although pre-B cells do not normally switch heavy chain isotypes, some malignant pre-B-like cells appear capable of producing both y and a chains (4, 5, 6) . Cells producing each of the heavy chain classes are derived from IgMbearing B lymphocytes (7) . Isotype switching may occur either during expansion of surface immunoglobulin (sIg')' B lymphocytes or upon differentiation to plasma cells with subsequent secretion of a single Ig class (8) . T cells can preferentially enhance or inhibit the differentiation of plasma cells to produce certain Ig isotypes in an antibody response (9) (10) (11) (12) .
An immunodeficiency syndrome characterized by elevated serum levels of IgM and virtually undetectable quantities of IgG and IgA presents as either an Xlinked or an acquired disorder (13, 14) . Recent evidence suggests that individuals with this immunodeficiency possess normal numbers of IgM-bearing B lymphocytes, which can be stimulated by pokeweed mitogen (PWM) to secrete IgM but not IgG (15) . Variable abnormalities of T helper and suppressor cell function have also been described in blood cells from these patients (16) (17) (18) (19) . Because PWM normally does not induce substantial isotype switching by peripheral blood B cells (20) (21) (22) (20) . This assay is sensitive and linear between 10-80 ng/ ml for IgM, 5-50 ng/ml for IgG, and 50-400 ng/ml for IgA. Immunofluorescence. B lymphocyte subpopulations were determined by staining viable PBMC with fluorochromeconjugated affinity-purified monospecific goat antibodies to human 1, 6, y, a, (, K, or X (26). Plasma cells were analyzed by reacting fixed cytocentrifuge preparations with 1:5 and 1:10 dilutions of antibodies that were used for cell surface fluorescent staining (26) . Total T lymphocytes and T cell subpopulations were analyzed after reacting cells with either OKT3 or Leu-l (Pan T cell), OKT4 or Leu-3 (helper/inducer T cell), or OKT8 or Leu-2 (suppressor/cytotoxic T cell) followed by fluorescein-conjugated goat anti-mouse IgG (absorbed with human gamma globulin) (27) . Monocytes were enumerated by nonspecific esterase staining (28) . Evaluation of fluorescent-stained surface markers was performed by using both the fluorescence-activated cell sorter (FACS-IV, BectonDickinson & Co., Orangeburg, NY) and Leitz fluorescent microscope equipped with epi-illumination and selective filters for fluorescein and rhodamine. Variation between the two methods was <15%. Cytoplasmic Ig in plasma cells was detected using fluorescence microscopy.
Proliferative responses. Proliferation of PBMC was assessed after stimulation with concanavalin A (Con A; 1-10 Ag/ml, Sigma Chemical Co., St. Louis, MO), phytohemagglutinin M (1-10 gl/ml, Difco Laboratories, Inc., Detroit, MI), PWM (1:200-1:800, vol/vol, Gibco Laboratories, Grand Island, NY), and mitomycin-treated allogeneic lymphocytes as previously described (29) .
RESULTS
Peripheral blood B cells only express IgM and IgD. We analyzed the heavy chain isotypes expressed by PBMC obtained from four individuals with the hyper IgM syndrome. In all patients and on every preparation of their PBMC, the only heavy chain classes that were detectable either on cell surfaces or intracellularly were ,u and 6 (Table II) Table III) . Furthermore, no significant amounts of IgG and IgA could be measured in culture supernatants (Table IV) . Generation of IgM plasma cells and secretion of IgM were either normal or slightly increased (Tables III and IV) Cultures were established and treated identically to those in Table  III : media was harvested on day 7 for PWM and SA and on day [10] [11] [12] for unstimulated and EBV-treated cultures.
t Solid phase enzyme-linked immunosorbent assay was performed as previously described. Sensitivity of assays varied between 10 and 128 ng/ml culture supernatant. Table IV. peripheral blood of individuals with hyper IgM immunodeficiency cannot be stimulated to produce IgG in response to PWM. Such patients lack IgG-and IgAbearing B cells in their blood. We have also stimulated PBL with several other mitogens, both T cell-dependent (SA, SA plus PWM) and T cell-independent (EBV) activators, and have shown a total failure of patients' cells to produce IgG or IgA. Recent studies (20) (21) (22) (34) (35) (36) (37) , monocytes (38, 39) , or all of these subpopulations (40) . However, the gross percentages and phenotypes of B cells and T cells in these disorders appear relatively normal (41, 42 (51, 52) . Detailed information on the nucleotide sequences of heavy chain constant region genes, especially switch-recombination sites, could help to define a disease mechanism in this instance. However, in view of the association of this immunodeficiency with X-linked inheritance, it seems more likely that a regulatory gene defect is the basis for the failure of heavy chain isotype switching.
